Introduction
============

Urinary tract infections (UTIs) are among the most common infections in the world, affecting all ages -- pediatric, adult, and elderly patients -- all subpopulations, and both sexes, with highest prevalence in females.[@b1-tcrm-14-2363]--[@b4-tcrm-14-2363] UTIs are a common health problem in primary care, general practice, and emergency departments (EDs). UTI is one of the top 15 diagnoses given annually in the ED and a frequent cause of admission to hospitals. Hospitalization is more common in women and younger children.[@b5-tcrm-14-2363]--[@b7-tcrm-14-2363] The condition is generally associated with minimal morbidity, except among specific subpopulations, such as pediatric patients. Early diagnosis and treatment are essential to reduce acute morbidity and avoid the long-term complications associated with UTIs.[@b2-tcrm-14-2363],[@b8-tcrm-14-2363]

UTIs are a serious health problem affecting millions of people every year, and treatment involves considerable cost, both directly and indirectly. In the US, there werê10.5 million ambulatory visits for UTIs in 2007, accounting for 0.9% of all ambulatory visits, and 21.3% of these visits were to hospital EDs.[@b9-tcrm-14-2363] The annual cost of treatment was \~\$1.6 billion in 1997,[@b10-tcrm-14-2363] and the estimated annual direct treatment cost was \$659 million in the US in 1995.[@b8-tcrm-14-2363]

UTI is one of the most common infections for which antibiotics are prescribed.[@b11-tcrm-14-2363]--[@b13-tcrm-14-2363] The massive and inappropriate use of antibiotics is one of the most important causes of the development of antimicrobial resistance.[@b7-tcrm-14-2363],[@b13-tcrm-14-2363] The World Health Organization has estimated that 80% of antibiotics are used in the community, and that about 20%--50% of these antibiotics are used inappropriately.[@b14-tcrm-14-2363] Antimicrobial resistance is a serious threat to public health throughout the world. It significantly impacts patient treatment and outcomes, increasing health care costs, morbidity, and mortality.[@b13-tcrm-14-2363],[@b15-tcrm-14-2363],[@b16-tcrm-14-2363]

Appropriate antibiotic use is a key strategy to control antibacterial resistance. The economic impact of inappropriate treatment extends beyond the costs attributable to morbidity and mortality. Antibiotic therapy is the core treatment for UTIs, so the selected antibiotic should be an efficacious, safe, and cost-effective antimicrobial agent. In Saudi Arabia, one study estimated the prevalence of community-acquired urinary tract infections (CA-UTIs) as 25% of all infections seen in the ED.[@b17-tcrm-14-2363]

There have been few studies on the cost of UTIs in pediatric and adult patients in other countries, and at the time of this study, there had been no reports published on the costs of management or the appropriateness or otherwise of the treatment of CA-UTIs in any age-group in Saudi Arabia. The aims of this study were thus to determine the prevalence of CA-UTIs among ED visits in Saudi Arabia, assess the pattern of antibiotic treatment of CA-UTIs, determine the prevalence and types of antibiotic-prescribing errors, and assess the cost of inappropriate antibiotic use in the treatment of CA-UTIs.

Methods
=======

Study setting
-------------

This study was conducted in the ED of King Abdulaziz Medical City (KAMC). KAMC is a 1,505-bed university-affiliated tertiary care center in Riyadh, Saudi Arabia, and is accredited by Joint Commission International. The ED at KAMC has 132 beds allocated to adult and pediatric wards at various care levels (observation, urgent, emergency, critical). A team of more than 100 emergency-specialized consultants, associate consultants, assistant consultants, staff physicians, and residents provide services to patients.[@b17-tcrm-14-2363]

Study design
------------

A cross-sectional study was conducted by reviewing the charts of patients in the ED complaining of CA-UTIs over a period of 3 months.

Study population
----------------

All patients admitted to the ED complaining of CA-UTIs during the first quarter of the year were enrolled in the study. Patients who fit the study criteria were those aged \>6 months and diagnosed with UTI. The UTI was considered community acquired if the patient had not been hospitalized or undergone an invasive urinary tract procedure in hospital during the 2 weeks prior to the appearance of UTI symptoms. The usual criteria that apply to initial UTI diagnosis are history, clinical findings, and a dipstick test. Patients in the study population were classified as pediatric, adult, or elderly. Patients aged \<15 years were classed as pediatric, those aged 15--64 years were classed as adults, while those aged ≥65 years or more were classed as elders or older adults. This operational definition was adopted because it had been used in similar studies.[@b7-tcrm-14-2363],[@b17-tcrm-14-2363] Antibiotic prescriptions that were incomplete and infants weighing \<5 kg were excluded from the study. Patients with acute complicated UTI (eg, acute pyelonephritis and UTI with sepsis or bacteremia), catheter-associated UTI, and comorbidities (such as liver disease, renal insufficiency, malignant tumor, and AIDS) were also excluded.

Data collection
---------------

### Patient characteristics

Demographic data, number of visits to the ED for each patient within 3 months, and recurrence of UTI were assessed. Recurrence was defined as two or more episodes of UTI during the study period.

### Antibiotic-prescription characteristics

The name of the antibiotic, the category of antibiotic it belonged to, ie, penicillin, cephalosporin, macrolide, fluoroquinolones, sulfonamides, and miscellaneous, which included clindamycin, nitrofurantoin, and doxycycline, and dose, frequency, duration of antibiotic therapy, and cost were reviewed.

### Microbiology characteristics

Urine cultures collected during ED visits in the study period, culture results (positive or negative), and names of microorganisms were reviewed. Positive urine culture was defined as bacterial growth of 10^5^ CFU/mL urine of a single bacterium from a properly collected midstream "clean catch" urine sample. Bacterial isolates were tested for their antimicrobial susceptibility and interpreted by a modified Vitek 2 method, according to the guidelines of the Clinical and Laboratory Standards Institute. Sensitivity and resistance of *Escherichia coli* isolates to six antimicrobial agents -- ampicillin, amoxicillin--clavulanic acid (Augmentin), co-trimoxazole (trimethoprim--sulfamethoxazole), ciprofloxacin, nitrofurantoin, and cefazolin -- were determined. Multiresistance was defined as acquired resistance to at least three classes of antibiotic.

### Outcome characteristics

There were two study outcomes: inappropriateness of antibiotic treatment and cost of treatment.

#### Inappropriateness of antibiotic treatment

Four main ways were identified in which antibiotic treatment could be inappropriate: errors in selection, dosage, frequency, and duration. Inappropriateness of antibiotic treatment was thus defined as selection of an antibiotic that was neither the drug of choice nor the alternative drug indicated for the disease, or prescription of an inappropriate dose, frequency between doses, or duration of treatment. Inappropriate dose was defined as either more or less than the recommended daily amount of the antibiotic. Inappropriate frequency was defined as more or less than the recommended daily frequency. Inappropriate duration was defined as shorter or longer than the recommended duration. For inappropriate dose and inappropriate duration, variability of ±5% was allowed between the prescribed and recommended dose and duration, with variation beyond this margin identified as inappropriate. Each antibiotic prescription was evaluated for appropriateness according to the guidelines stated in American Hospital Formulary Service Drug Information from the American Society of Health-System Pharmacists and the *Drug Information Handbook: A Comprehensive Resource for All Clinicians and Health Care Professionals*.[@b18-tcrm-14-2363],[@b19-tcrm-14-2363]

#### Estimates of treatment cost

Only costs charged in the ED were taken into account for patients admitted and discharged from the ED. The total direct cost to the hospital of treatment of UTIs was analyzed. Indirect costs, such as those associated with sickness, were not included. Treatment costs did not include the price of medical equipment used. US dollars were used to calculate the costs recorded in this study. Direct treatment costs included medical costs relating to physicians' fees, diagnostic tests (only tests performed for UTIs were considered), and prescription drugs (only antibiotics; over-the-counter drugs were not taken into account). The direct costs of clinical UTIs were estimated using data from the business center. Prescriptions are generally free for eligible patients.

Data management and analysis
----------------------------

SPSS statistical software (version 22; IBM, Armonk, NY, USA) was used for data entry and analysis. Bivariate analysis using Pearson's *χ*^2^ test was used for categorical data, such as age-group, sex, and antibiotic category. Prevalence of inappropriate antibiotic prescriptions was determined as the number of physician orders with one or more types of error divided by the total number of prescriptions and multiplied by 100. The prevalence of errors (selection, dose, frequency, and duration) was first calculated as mutually exclusive prevalence by dividing the number of errors over the number of antibiotic prescriptions multiplied by 100.

For cost, data were summarized in the form of mean ± standard deviation (SD) or median (range) for continuous variables, and numbers and percentages for categorical variables wherever appropriate, with *χ*^2^ used for categorical variables. For all statistical tests, *P*\<0.05 was considered statistically significant.

Ethics statement
----------------

This study was approved by the research committee at King Abdullah International Medical Research Center (KAIMRC), King Saud Bin-Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia (RR08/005). Patient informed consent to review their medical files was not required and waived by the research committee at KAIMRC, since this was a retrospective study and there was no communication with patients. Patient privacy and confidentiality of data were secured by the investigator.

Results
=======

General characteristics
-----------------------

During the study period, a total of 1,449 patients were diagnosed with UTIs. These included pediatric (18.6%), adult (59.2%), and elderly (22.2%) patients. Female patients made up the majority, 64.04%, of all patients visiting the ED with a UTI. The male:female ratio was 1:1.8, and 70.29% of all adults, 67.84% of pediatric patients, and 43.48% of elderly patients were female. The prevalence of recurrent episodes of infection was 18% in the study population as a whole. It was highest in female patients, particularly pediatric and adult female patients, but less so in elderly female patients (80%, 73%, and 42.9%, respectively). This difference was statistically significant for females of all age-groups ([Table 1](#t1-tcrm-14-2363){ref-type="table"}).

Prevalence of UTIs
------------------

The overall prevalence of UTIs was 9.9% of total visits to the ED. In adults and elders, UTIs accounted for \~14.6% of total ED visits. However, UTIs in pediatric patients accounted for \~4% of all pediatric ED visits.

Urine culture and sensitivity
-----------------------------

Urine culture was requested for 39% of patients. Of the total 565 urine cultures, 197 were positive (34.9% of all requested cultures) and 368 negative (65.1%). There were significant differences in numbers of positive and negative culture results between age-groups (*P*\<0.05; [Table 1](#t1-tcrm-14-2363){ref-type="table"}). *E. coli* was the principal microorganism responsible for UTIs. It was the most common urinary pathogen seen in positive cultures (51%), and resistance to commonly used antibiotics was seen in 68.32% of these cases. *E. coli* was highly sensitive to nitrofurantoin (92%), followed by ciprofloxacin (81.8%), amoxicillin--clavulanic acid (81.1%), and cefazolin (77.5%). There was a decreasing level of sensitivity of *E. coli* to co-trimoxazole (55.6%), followed by ampicillin (33.1%).

Antibiotic treatment
--------------------

Broad-spectrum antibiotics were prescribed for 85.8% of cases. Seven classes of antibiotic were used in the treatment of UTIs, but three main antibiotic classes were commonly prescribed: cephalosporin (39%), penicillin (26%), and fluoroquinolones (22%), with significant differences among the three age-groups ([Table 1](#t1-tcrm-14-2363){ref-type="table"}). Cefuroxime, amoxicillin--clavulanic acid, norfloxacin, and amoxicillin were the antibiotics most commonly used overall for UTIs ([Figure 1](#f1-tcrm-14-2363){ref-type="fig"}).

The antibiotics most often prescribed in pediatric patients were amoxicillin--clavulanic acid (29.37%), followed by cefprozil (23%), cefuroxime (16.36%), amoxicillin (14.9%), co-trimoxazole (5.8%), cephalexin (4.1%), and ciprofloxacin (0.37%).

In adults, the most frequently prescribed antibiotics were cefuroxime (35.4%), norfloxacin (17.9%), and amoxicillin-- clavulanic acid (16.6%), followed by amoxicillin (9.8%), nitrofurantoin (6.9%), co-trimoxazole (4.4%), and ciprofloxacin (4.1%), and the least commonly prescribed in adults were cephalexin (2.1%), and azithromycin (1%).

In the elderly, the most frequently prescribed antibiotics were cefuroxime (38.8%), norfloxacin (26.4%), and ciprofloxacin (13.4%), followed by amoxicillin--clavulanic acid (8.7%), azithromycin (3.4%), and co-trimoxazole (3.4%), and the least commonly prescribed were nitrofurantoin (1.9%), amoxicillin (1.6%), and cephalexin (1.2%). There were statistically significant differences among age-groups in the types of antibiotics used ([Table 1](#t1-tcrm-14-2363){ref-type="table"}). The majority of patients (81.9%) received one course of antibiotics for the treatment of UTI during the study period, but at least 4% of patients received three or more courses of antibiotics for recurrent UTIs during the same period ([Table 1](#t1-tcrm-14-2363){ref-type="table"}).

Prevalence of inappropriate treatment
-------------------------------------

The prevalence of inappropriate antibiotic prescriptions with at least one or more types of error was 47.3% (685 cases), and this figure was higher in pediatric patients (51.3%) than in adults (46%) and the elderly (47.2%; [Table 2](#t2-tcrm-14-2363){ref-type="table"}). The mutually exclusive prevalence of different types of error showed that dose errors were most frequent (37.5%), followed by duration errors (11%), frequency errors (6.1%), and finally inappropriate selection of antibiotic class (2.4%).

Pediatric patients were exposed to a significantly higher prevalence of inappropriate antibiotic dose (*P*\<0.05), whereas in adults and elderly patients there was a significantly higher prevalence of inappropriate duration of antibiotic treatment (*P*\<0.05). There was no significant difference among age-groups in regard to prevalence of inappropriate frequency (*P*=0.403; [Table 2](#t2-tcrm-14-2363){ref-type="table"}).

Predictors of antibiotic-prescription errors
--------------------------------------------

Initial bivariate analysis of all age-groups showed that 90.7% of cephalosporin prescriptions for adults contained errors, significantly higher than for cephalosporin prescribed for elderly (83.6%) and pediatric (66.7%) patients (*P*\<0.001). Penicillin prescriptions for pediatric patients had significantly more errors (33.6%) than those prescribed for other age-groups (*P*\<0.001). Narrow-spectrum antibiotic prescriptions in pediatric patients had significantly more errors (45.5%) than those in elderly (43.8%) and adult (23.8%) patients (*P*\<0.05; [Table 3](#t3-tcrm-14-2363){ref-type="table"}).

UTI costs
---------

The cost of inappropriate antibiotic use represented 47.5% of the total cost of antibiotic treatment, with a mean cost per UTI episode of \$24.73±\$13.25 (95% CI \$23.73--\$25.72) (*P*\<0.05), and a range of \$1.17--\$87.47 ([Table 2](#t2-tcrm-14-2363){ref-type="table"}). The cost of hospital treatment ranged from \$90.19 to \$328.65 per patient, estimated total direct cost of UTI treatment for all patients who visited the ED was \$194,971, and annual total hospital-management cost was estimated as \$838,375. The median cost of hospital treatment was \$118.61, and the mean was \$134.56±\$31.34 (95% CI \$132.94--\$136.17). The total management cost for UTIs was greater for female patients (63.9% of total cost), adults (59.2%), cephalosporin (40.9%), and broad-spectrum antibiotics (86.5%; [Table 4](#t4-tcrm-14-2363){ref-type="table"}).

The cost of antibiotics ranged from \$1.17 to \$92.27 per patient, total direct cost was \$35,629, and the annual total cost of antibiotics was estimated as \$153,208 per year. When urine cultures were performed, 34.9% of these gave positive results. The mean cost per patient differed significantly between those with positive and negative urine cultures (*P*\<0.001). The total cost for suspected UTIs with negative urine cultures was 31.4% of total UTI-management costs. The mean cost per UTI episode without diagnostic testing was \$112.06±\$13.36 (95% CI \$111.18--\$112.95) compared to a cost with diagnostic testing of \$169.74±\$14.46 (95% CI \$168.54--\$170.94, *P*\<0.001).

Comparative analysis showed differences in the total direct cost among various groups. There was a statistically significant difference in the cost of appropriate vs inappropriate antibiotic treatment (*P*\<0.001), and also within the categories of antibiotic spectrum (*P*\<0.001), antibiotic category (*P*\<0.001), antibiotic itself (*P*\<0.001), diagnostic test, and culture results (*P*\<0.001). No statistically significant differences in inappropriate cost were found within the categories of age or sex.

Discussion
==========

This study provides new information in three areas: prevalence of UTIs among ED visits, prevalence of inappropriate prescribing of antibiotics, and cost of treatment, including the cost of inappropriate treatment of UTIs. The prevalence of UTIs varies widely among countries, due to many factors, such as geographical location, age, sex, socioeconomic status, and health status. In this study, UTIs accounted for almost 9.9% of emergency visits during one quarter of the year. In pediatric emergency visits, the prevalence of UTIs was 4%, slightly less than in previous studies conducted in other countries, in which this figure ranged between 5% and 14% of ED visits annually.[@b20-tcrm-14-2363],[@b21-tcrm-14-2363] In the US, pediatric patients diagnosed with a UTI account for over 1 million office visits and 500,000 ED visits annually, representing around 2%--3% of all pediatric hospitalizations.[@b2-tcrm-14-2363],[@b21-tcrm-14-2363]

In the present study, the prevalence of UTIs among adult and elderly patients was almost 14.6% of emergency visits over one quarter of the year. This was slightly more than the 11% seen in another study conducted in Saudi Arabia.[@b22-tcrm-14-2363] In comparison, a study in the US found 5% of elders and 3% of adults visiting the ED with a diagnosis of UTI.[@b4-tcrm-14-2363] The prevalence of UTI among adult and the elderly in Spain was 41%.[@b7-tcrm-14-2363] In France, the yearly number of emergency visits for UTIs is estimated to be 2.3%.[@b3-tcrm-14-2363]

In this study, female patients had a relatively high frequency of UTIs compared to male patients, possibly due to anatomical and physiological differences. These results are consistent with data from large epidemiological UTI studies.[@b7-tcrm-14-2363],[@b10-tcrm-14-2363],[@b23-tcrm-14-2363] UTI is one of the most frequent clinical bacterial infections in female patients: approximately one in three women will have at least one symptomatic UTI and require antimicrobial treatment for a UTI before age 24 years, and 50%--60% of women will have a UTI during their lifetime.[@b8-tcrm-14-2363],[@b10-tcrm-14-2363] According to a study by Foxman et al,[@b10-tcrm-14-2363] 10.8% of women over 18 years of age have at least one UTI per year. Women represented more than 8.5 million of the population of Saudi Arabia as of January 2016.[@b24-tcrm-14-2363] In this study, the estimated number of women who visited primary care for a UTI was estimated as 880,000 in 2016. The yearly estimated number of emergency visits for UTIs is 440,000, half the number for primary care.[@b3-tcrm-14-2363]

In the present study, the frequency of UTIs in women decreased with age, but increased in elderly men. However, in another study, a similar frequency of UTIs was seen in elderly patients of both sexes.[@b7-tcrm-14-2363] The prevalence of UTIs among pediatric male patients decreased rapidly with age in another study.[@b20-tcrm-14-2363] In this study, recurrent episodes made up 18.1% of all cases of UTI. The frequency of recurrence of UTI was greater in female than in male patients. Recurrent UTIs have been shown to affect 25%--30% of healthy young women with anatomically and physiologically normal urinary tracts. This may be due to genetic and behavioral factors.[@b25-tcrm-14-2363] Recurrent UTIs in pediatric patients represented 11% of all pediatric UTI cases in this study. This was less than in previous studies in Saudi Arabia, where recurrent episodes were 45%--65%.[@b26-tcrm-14-2363],[@b27-tcrm-14-2363]

Negative results were reported in two-thirds of urine cultures, and suspected UTIs with negative urine cultures had a significant influence on cost in this study, accounting for 31% of the total cost. In another study, conducted in general practice, approximately a quarter of suspected UTIs had negative urine cultures.[@b28-tcrm-14-2363] The sensitivity and specificity of urine-dipstick tests positive for leukocytes or nitrites in diagnosing UTIs in unpregnant female patients have been reported as 51% and 99%, respectively.[@b29-tcrm-14-2363] A positive nitrite test and pyuria are most strongly correlated with UTIs, and increase the probability that a UTI is present more than sevenfold.[@b28-tcrm-14-2363] The urine dipstick may be more valuable in ruling out disease, ie, negative leukocytes and nitrites rule out UTIs. When there is doubt as to the cause of the clinical presentation or when the history may indicate a different diagnosis, a urine culture is recommended to confirm the diagnosis of UTI.[@b28-tcrm-14-2363],[@b29-tcrm-14-2363] Evaluation of clinical signs and symptoms together with the results of pyuria and nitrituria in the reactive strip test may help physicians make relevant decisions before UTI is confirmed by culture results.[@b28-tcrm-14-2363]

In the present study, *E. coli* was the most prevalent pathogen contributing to UTI. It was resistant to commonly used antibiotics in the majority of cases. The highest resistance was seen with ampicillin and co-trimoxazole, and least resistance with nitrofurantoin. These findings were similar to those in previous studies.[@b7-tcrm-14-2363],[@b22-tcrm-14-2363],[@b26-tcrm-14-2363],[@b30-tcrm-14-2363]--[@b34-tcrm-14-2363] The prevalence of resistance to co-trimoxazole and ampicillin was increased significantly among microorganisms causing UTIs, and resistance to nitrofurantoin and ciprofloxacin remained infrequent in other studies.[@b23-tcrm-14-2363],[@b32-tcrm-14-2363],[@b33-tcrm-14-2363],[@b35-tcrm-14-2363]

The etiology of UTIs and antimicrobial-resistance patterns change from country to country and over time, and may increase or decrease. Emergency medicine is not a specialty, and hence doctors attending emergency areas are usually general physicians and residents. Prescribing physicians are thus probably aware that resistance rates of *E. coli* to co-trimoxazole and ampicillin are significantly higher in complicated CA-UTIs.[@b7-tcrm-14-2363]

Cephalosporin, penicillin, and fluoroquinolones were the most common antibiotics used to treat UTIs in this study. This is similar to other studies, because of the broad antimicrobial activity, clinical efficacy, and favorable tolerability profiles of these antibiotics.[@b13-tcrm-14-2363],[@b23-tcrm-14-2363] In this study, cefuroxime and amoxicillin--clavulanic acid were the antibiotics prescribed most often in adults, whereas cefuroxime and fluoroquinolones were most often prescribed in the elderly. There was a low percentage of co-trimoxazole prescriptions in adults and the elderly, as in previous studies.[@b4-tcrm-14-2363],[@b7-tcrm-14-2363],[@b13-tcrm-14-2363] In pediatric patients, amoxicillin--clavulanic acid and amoxicillin were the antibiotics most frequently prescribed, similar to a large-scale survey of treatment for UTIs in children in primary- and secondary-care practices in Europe.[@b36-tcrm-14-2363]

In some countries, co-trimoxazole, fluoroquinolones, and nitrofurantoin are the most commonly selected antibiotics for UTIs. However, over the course of 10 years of observation, the use of co-trimoxazole declined, while the use of the other two agents rose.[@b23-tcrm-14-2363] Patterns of antibiotic prescription for the treatment of UTIs may vary among different countries according to the patient's age and sex, any underlying diseases, physician preference/familiarity, patient allergies, local resistance patterns, patient population, side effect profile, and cost.[@b4-tcrm-14-2363],[@b32-tcrm-14-2363],[@b37-tcrm-14-2363],[@b38-tcrm-14-2363]

The ED is one of the service units where antibiotic treatment is commonly prescribed.[@b7-tcrm-14-2363],[@b11-tcrm-14-2363],[@b12-tcrm-14-2363],[@b37-tcrm-14-2363] Overuse and inappropriate antimicrobial treatment in the ED is relatively frequent. Using less than the recommended treatment regimen puts patients at risk of ineffective treatment and developing resistant bacteria, and using more than the recommended regimen puts them at risk of side effects.

There is significant variability among countries in prescribing errors for UTIs. The prevalence of error in this study was 47.3%, which was similar to a Turkish study,[@b37-tcrm-14-2363] greater than a Spanish study (13%),[@b7-tcrm-14-2363] within the range of two French studies (31%--60%),[@b39-tcrm-14-2363],[@b40-tcrm-14-2363] and less than in a German study (61%).[@b41-tcrm-14-2363] The prevalence of errors was found to be greater in patients with cephalosporin prescriptions and broad-spectrum antibiotics, as had been shown in a previous study.[@b17-tcrm-14-2363]

Inappropriate drug selection, such as the use of macrolides and moxifloxacin for the treatment of UTIs, was seen in 2.7% of cases. Azithromycin is indicated for the treatment of urethritis, and macrolides are not active against UTI pathogens, such as *E. coli*.[@b37-tcrm-14-2363] Moxifloxacin has limited concentration in the urinary tract.[@b42-tcrm-14-2363] Neither macrolides nor moxifloxacin are recommended for the treatment of UTIs.

A cost analysis was performed to evaluate the mean quarterly direct treatment cost for CA-UTIs and the costs of inappropriate antibiotic treatment for all age-groups. This was an initial study conducted in Saudi Arabia on the costs of CA-UTIs in all age-groups. The cost of treatment was reimbursed by the Ministry of the National Guard to employees and their dependents. The annual costs, derived from the study results by multiplying the 3-month values by 4.33 (52/12), revealed that the total hospital-management cost for UTIs was estimated as \$838,375 per year and total antibiotic cost was estimated as \$153,208 per year.

In this study, the mean cost of treatment of CA-UTI was estimated as \$134.56 per UTI episode over a quarter of the year, which was different from the cost calculated in previous studies conducted in other countries, such as the UK,[@b1-tcrm-14-2363] France,[@b3-tcrm-14-2363] Spain,[@b7-tcrm-14-2363] the US,[@b5-tcrm-14-2363] and Italy.[@b43-tcrm-14-2363] The differences in cost between this and other studies may be due to differences in study design: this study was conducted in all age-groups and both sexes, whereas the other studies were conducted only in women. Costs of physician visits and diagnostic tests were greater in Europe and the US than in Saudi Arabia. In addition, populations in Europe and the US are larger than the Saudi population.

Overall, the treatment of CA-UTIs was costly because of high resistance and because patients with CA-UTI may need to have urinary cultures carried out to direct appropriate antimicrobial therapy in regard to reconsultations and antibiotics prescribed. The selection of broad-spectrum agents leads to higher antibiotic costs.

There was a statistically significant difference in the distribution of inappropriate costs between patients who had undergone diagnostic tests and those who had not. Patients who had undergone diagnostic tests were wrongly prescribed expensive antibiotics, leading to higher inappropriate costs than for patients who had not undergone diagnostic tests but who were also wrongly prescribed antibiotics.

Limitations
===========

This study has several limitations. First, it was conducted in only one setting, the ED, which does not represent other health care settings in the KAMC, and thus the findings cannot be generalized. Second, this was a short retrospective study (3 months) that did not include all cases. In addition, some cases may have been lost due to the definition of a positive urine culture as bacterial growth of 10^5^ CFU/mL with a single bacterium. Finally, other limitations may have resulted in over- or underestimation of the costs of UTIs. Large-scale prospective studies are recommended to determine more accurately the prevalence and cost of UTIs at KAMC in Saudi Arabia.

Conclusion
==========

In this study, UTIs were one of the most frequent infections requiring a visit to the ED. The results showed a high level of inappropriate use of antibiotics in the treatment of UTIs in the ED, especially among pediatric and elderly patients. They also showed a significant increase in the prevalence of resistance to several commonly used antimicrobials, such as ampicillin and co-trimoxazole. These findings demonstrate that development of guidelines for the treatment of UTIs should be based on knowledge of the local prevalence of bacterial organisms and their sensitivities, rather than on universal guidelines. More appropriate antibiotic treatment will increase efficacy and cost-effectiveness. It is necessary to improve physicians' prescribing habits by implementing medical education programs focusing on the rational use of antibiotics. Additional studies should be performed in the area of cost-effective strategies for the treatment of UTIs in Saudi Arabia. Prevalence and antibiotic-susceptibility studies need to be conducted regularly, and this will facilitate early detection of the development of antibiotic resistance and enable guidelines to be developed for appropriate and cost-effective treatment of UTIs.
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###### 

Bivariate analysis of patient characteristics and antibiotic prescriptions by age-group

                                   Sample, n (%) (total 1,449)   Pediatric, n (%) (total 269 \[18.6\])   Adult, n (%) (total 858 \[59.2\])   Elderly, n (%), (total 322 \[22.2\])   *χ*^2^, *P*-value
  -------------------------------- ----------------------------- --------------------------------------- ----------------------------------- -------------------------------------- -------------------
                                                                                                                                                                                    
  Sex                                                                                                                                                                               80.866, \<0.05
   Male                            521 (36)                      96 (35.7)                               243 (28.3)                          182 (56.5)                             
   Female                          928 (64)                      173 (64.3)                              615 (71.7)                          140 (43.5)                             
  UTI frequency within 3 months                                                                                                                                                     60.368, \<0.001
   One                             1,187 (81.9)                  238 (88.5)                              732 (85.3)                          217 (67.4)                             
   Recurrent                       262 (18.1)                    31 (11.5)                               126 (14.7)                          105 (32.6)                             
  Urine-culture request at ED                                                                                                                                                       2.049, 0.359
   Yes                             565 (39)                      115 (42.8)                              325 (37.9)                          125 (38.8)                             
   No                              884 (61)                      154 (57.2)                              533 (62.1)                          197 (61.2)                             
  Result of culture                                                                                                                                                                 9.903, \<0.05
   Positive                        197 (34.9)                    30 (26.1)                               128 (39.4)                          39 (31.2)                              
   Negative                        368 (65.1)                    85 (73.9)                               197 (60.6)                          86 (68.8)                              
  Antibiotics within 3 months, n                                                                                                                                                    71.917, \<0.001
   1                               1,187 (81.9)                  238 (88.5)                              732 (85.3)                          217 (67.4)                             
   2                               203 (14)                      28 (10.4)                               103 (10.4)                          72 (22.4)                              
   ≥3                              59 (4.1)                      3 (1.1)                                 23 (2.7)                            33 (10.2)                              
  Antibiotic group                                                                                                                                                                  185.472, \<0.001
   Cephalosporin                   567 (39.1)                    117 (43.5)                              322 (37.5)                          128 (39.8)                             
   Macrolide                       39 (2.7)                      8 (3)                                   19 (48.7)                           12 (3.7)                               
   Penicillin                      379 (26.3)                    119 (44.2)                              226 (26.3)                          34 (10.6)                              
   Tetracycline                    3 (0.2)                       0                                       2 (0.2)                             1 (0.3)                                
   Miscellaneous                   70 (4.8)                      3 (1.1)                                 61 (7.1)                            6 (1.9)                                
   Fluoroquinolone                 327 (22.6)                    7 (2.6)                                 190 (22.1)                          130 (40.4)                             
   Sulfonamide                     64 (4.4)                      15 (5.6)                                38 (4.4)                            11 (3.4)                               
  Antibiotic spectrum                                                                                                                                                               46.101, \<0.001
   Narrow                          206 (14.2)                    66 (24.5)                               124 (14.5)                          16 (5)                                 
   Broad                           1,243 (85.8)                  203 (75.5)                              734 (85.5)                          306 (95)                               

**Abbreviations:** ED, emergency department; UTI, urinary tract infection.

###### 

Prevalence of inappropriate antibiotic prescriptions and types of error by age-group

  Characteristics                                      Pediatric, n (%) (total 269 \[18.6\])   Adult, n (%) (total 858 \[59.2\])   Elderly, n (%) (total 322 \[22.2\])   Total, n (%)   *χ*^2^, *P*-value
  ---------------------------------------------------- --------------------------------------- ----------------------------------- ------------------------------------- -------------- -------------------
  Inappropriate antibiotic                             138 (51.3)                              395 (46)                            152 (47.2)                            685 (47.3)     3.277, 0.32
  Type of error                                                                                                                                                                         
   Dose error                                          119 (44.2)                              305 (35.5)                          120 (37.3)                            544 (37.5)     6.609, \<0.05
   High dose                                           77 (28.6)                               296 (34.5)                          116 (36)                              489 (33.7)     
   Low dose                                            11 (4.1)                                9 (1)                               4 (1.2)                               24 (1.7)       
   Others                                              31 (11.5)                                                                                                         31 (11.5)      
  Frequency error                                      16 (5.9)                                58 (6.8)                            15 (4.7)                              89 (6.1)       1.815, 0.403
   High                                                4 (1.5)                                 16 (1.9)                            7 (2.2)                               27 (1.9)       
   Low                                                 12 (4.5)                                42 (4.9)                            8 (2.5)                               62 (4.3)       
  Duration error                                       17 (6.3)                                98 (11.4)                           44 (13.7)                             159 (11)       8.527, \<0.05
   Long                                                4 (1.5)                                 24 (2.8)                            9 (2.8)                               37 (2.6)       
   Short                                               13 (4.8)                                74 (8.6)                            35 (10.9)                             122 (8.4)      
  Selection error                                      9 (3.3)                                 19 (2.2)                            7 (2.2)                               35 (2.4)       1.1214, 0.545
  Cost of inappropriate antibiotic (US\$), mean ± SD   21.89±12.63                             25.12±13.76                         25.88±12.01                           24.73±13.25    
   95% CI                                              19.77--24.02                            23.96--27.81                        23.77--26.46                          23.73--25.72   *P*\<0.05
   Cost of inappropriate antibiotics, %                47.4                                    47.1                                48.2                                  47.5           

###### 

Bivariate analysis of inappropriate antibiotic prescriptions by age-group

  Characteristics                    Sample, n (%) (total 1,449)   Pediatric, n (%) (total 269 \[18.6\])   Adult, n (%) (total 858 \[59.2\])   Elderly, n (%) (total 322 \[22.2\])   Total, n (%)   *χ*^2^, *P*-value
  ---------------------------------- ----------------------------- --------------------------------------- ----------------------------------- ------------------------------------- -------------- -------------------
  Inappropriate antibiotic                                         138 (51.3%)                             395 (46%)                           152 (47.2%)                           685 (47.3%)    3.277, 0.32
  Sex                                                                                                                                                                                               
   Male                              521 (36)                      50 (52.1)                               99 (40.7)                           87 (47.8)                             236 (45.3)     4.281, 0.118
   Female                            928 (64)                      88 (50.9)                               296 (48.1)                          65 (46.4)                             449 (48.4)     0.657, 0.720
  Request for urine culture at ED                                                                                                                                                                   
   Yes                               565 (39)                      68 (59.1)                               145 (44.6)                          57 (45.6)                             270 (47.8)     7.480, \<0.05
   No                                884 (61)                      70 (45.5)                               250 (46.9)                          95 (48.2)                             415 (46.9)     0.267, 0.875
  Result of culture                                                                                                                                                                                 
   Positive                          197 (13.6)                    19 (63.3)                               64 (50)                             23 (59)                               106 (53.8)     2.261, 0.323
   Negative                          1,252 (86.4)                  119 (48.8)                              331 (45.3)                          129 (45.6)                            579 (46.2)     1.498, 0.473
  Antibiotics within 3 months, n                                                                                                                                                                    
   1                                 1,187 (81.9)                  121 (50.8)                              338 (46.2)                          108 (49.8)                            567 (47.8)     1.993, 0.369
   2                                 203 (14.2)                    17 (60.7)                               46 (44.7)                           31 (43.1)                             94 (46.3)      2.756, 0.252
   ≥3                                59 (4.1)                      0                                       11 (47.8)                           13 (39.4)                             24 (40.7)      2.567, 0.277
  Frequency of UTI within 3 months                                                                                                                                                                  
   One                               1,187 (81.9)                  121 (50.8)                              338 (46.2)                          108 (49.8)                            567 (47.8)     1.993, 0.369
   Recurrent                         262 (18.1)                    17 (54.8)                               57 (45.2)                           44 (41.9)                             118 (45)       1.621, 0.445
  Antibiotic group                                                                                                                                                                                  
   Cephalosporin                     567 (39.1)                    78 (66.7)                               292 (90.7)                          107 (83.6)                            477 (84.1)     37.104, \<0.001
   Penicillin                        379 (26.3)                    40 (33.6)                               24 (10.6)                           2 (5.9)                               66 (17.4)      32.112, \<0.001
   Fluoroquinolone                   327 (22.6)                    0                                       29 (15.3)                           27 (20.8)                             56 (17.1)      3.127, 0.209
   Macrolide                         39 (2.7)                      6 (75)                                  6 (31.6)                            5 (41.7)                              17 (43.6)      4.343, 0.114
   Nitrofurantoin                    70 (4.8)                      3 (100)                                 25 (41)                             4 (66.7)                              32 (45.7)      5.174, 0.075
   Sulfonamide                       64 (4.4)                      11 (73.3)                               19 (50)                             7 (63.6)                              37 (57.8)      2.585, 0.275
  Antibiotic spectrum                                                                                                                                                                               
   Narrow                            206 (14.2)                    30 (45.5)                               29 (23.4)                           7 (43.8)                              66 (32)        10.726, \<0.05
   Broad                             1,243 (85.8)                  108 (53.2)                              366 (49.9)                          145 (47.4)                            619 (49.8)     1.654, 0.437

**Abbreviations:** ED, emergency department; UTI, urinary tract infection.

###### 

Total cost (US\$) of treatment for community-acquired urinary tract infection

  Characteristics           n       \%      Mean     SD      Minimum   Maximum   Median   Cost         \% cost   Std. error   *P*-value   95% CI   
  ------------------------- ------- ------- -------- ------- --------- --------- -------- ------------ --------- ------------ ----------- -------- --------
  Age-group                                                                                                                                        
   Adult                    858     59.2    134.52   31.20   90.19     328.65    118.61   115,414.12   59.2      1.07         0.599       132.42   136.65
   Elderly                  322     22.2    135.81   31.22   90.19     236.27    126.61   43,729.50    22.4      1.74                     132.54   139.33
   Pediatric                269     18.6    133.19   31.96   90.19     193.12    118.61   35,827.55    18.4      1.95                     129.45   137.22
  Sex                                                                                                                                              
   Male                     521     36.0    135.15   31.21   90.19     236.27    126.40   70,412.79    36.1      1.37         0.589       132.53   138.00
   Female                   928     64.0    134.22   31.42   90.19     328.65    118.61   124,558.38   63.9      1.03                     132.06   136.25
  Single or recurrent UTI                                                                                                                          
   Single                   1,187   81.9    134.57   31.45   90.19     328.65    118.61   159,729.70   81.9      0.91         0.979       132.78   136.27
   Recurrent                262     18.1    134.51   30.88   90.19     193.12    126.40   35,241.47    18.1      1.91                     131.19   138.22
  Urine culture                                                                                                                                    
   Yes                      565     39.0    166.21   20.46   90.19     328.65    169.68   93,910.99    48.2      0.86         \<0.001     164.55   168.00
   No                       884     61.0    114.32   17.09   90.19     187.73    113.68   101,060.18   51.8      0.57                     113.24   115.50
  Result of culture                                                                                                                                
   Negative                 368     65.1    166.33   17.79   95.28     236.27    169.68   61,209.56    31.4      0.93         \<0.001     164.51   168.15
   Positive                 197     34.9    166.00   24.74   90.19     328.65    169.68   32,701.43    16.8      1.76                     162.52   169.47
  Diagnostic test                                                                                                                                  
   No                       884     61.0    112.07   13.36   90.19     175.47    112.56   99,066.60    50.8      0.45         \<0.001     111.18   112.95
   Yes                      565     39.0    169.74   14.47   145.17    328.65    174.61   95,904.57    49.2      0.61                     168.55   170.94
  Number of antibiotics                                                                                                                            
   1                        1,187   81.9    134.57   31.45   90.19     328.65    118.61   159,729.70   81.9      0.91         0.126       132.77   136.36
   2                        203     14.0    136.63   30.71   90.19     193.12    131.73   27,736.80    14.2      2.16                     132.38   140.88
   ≥3                       59      4.1     127.20   30.61   90.19     187.73    118.61   7,504.67     3.8       3.98                     119.22   135.17
  Antibiotic group                                                                                                                                 
   Cephalosporin            567     39.1    140.59   29.95   90.19     236.27    131.73   79,715.38    40.9      1.26         \<0.001     138.00   142.99
   Macrolide                39      2.7     129.21   31.77   91.06     182.61    109.87   5,039.35     2.6       5.09                     119.02   140.35
   Penicillin               379     26.2    132.60   31.69   90.19     328.65    118.61   50,255.32    25.8      1.63                     129.56   135.73
   Tetracycline             3       0.2     128.76   17.59   118.61    149.07    118.61   386.29       0.2       10.15                    124.70   141.46
   Miscellaneous            70      4.8     130.42   29.80   91.01     193.12    118.61   9,129.24     4.7       3.56                     123.51   138.12
   Fluoroquinolone          327     22.6    129.76   32.52   90.19     209.15    118.61   42,431.70    21.8      1.80                     126.19   133.28
   Sulfonamide              64      4.4     125.22   28.87   91.06     176.57    118.61   8,013.89     4.1       3.61                     118.09   132.73
  Antibiotic spectrum                                                                                                                              
   Narrow                   206     14.2    127.68   32.40   91.06     328.65    118.61   26,302.26    13.5      2.26         \<0.05      123.25   132.38
   Broad                    1,243   85.8    135.70   31.03   90.19     236.27    126.40   168,668.91   86.5      0.88                     133.89   137.34
   Total                    1,449   100.0   134.56   31.34   90.19     328.65    118.61   194,971.17   100.0     0.82                     132.94   136.17

**Abbreviations:** UTI, urinary tract infection; Std. error, standard error.
